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D

(r ±∆r) (V ±∆V )

V =
4

3
πr3

(D ±∆D) (r ±∆r) (V ±∆V )



�
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m
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(F ±∆F )

(y ±∆y) g = (9, 8± 0, 2) 2 ∆m = 1

∆y = 2

F = f (y)

k F = f (y)

g

� = 400

t

�



T �

T = f (�)

T 2 = f (�)

T = 2π

�
�

g
4π2

g
g

g
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m

= m�g

y

m
d2y (t)

dt2
= mg,



y (0) = 0,

vy =
dy (0)

dt
= 0,

y (t) =
1

2
gt2.

• �

•

•

•

•

•

•

•

•

•



y = f (t)

y = f (t) .

×

g

o

y



g = 9, 8 2
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m

�F ,

�F = m�a,

�a =
d2�s

dt2



�s t

�v �s

t

�v (t) =
�F

m
t,

�s (t) =
1

2

�F

m
t2

�v (0) = �s (0) = �0.

11m

2 2m

m1

����F
��� = P1 = m1 |�g| = m1g,

g m2

a(t) =
m1g

m1 +m2
=

F

m1 +m2
.



|�v| = v(t) =
m1g

m1 +m2
t,

|�s| =
1

2

m1g

m1 +m2
t2.

m1

m2
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•
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•

•

•

•

•

•

•

•

•

◦

× ×



s0 = 0 v0 = 0 t0 = 0

o

∆t ∆S v (t) ∼= ∆S
∆t

∆t
o



s = f(t) v = f(t)

× ×

×

g

g = 9, 8 2

s0 = 0 v0 = 0 t0 = 0



m2

m2

a = f(m2)

s0 = 0 v0 = 0 t0 = 0



1

1 g = 9, 8 2

F = f(a)

×
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E m Iz

EP ,

ET ER :

E = m�g.�s+
m

2
�v2 +

Iz
2
�ω2



�ω �v �g

�s

d�s = d�φ× �r

�v ≡ d�s

dt
=

d�φ

dt
× �r ≡ �ω × �r

r dφ

d�s

�g �s �ω �r m�g.�s = −mgs v = ωr

E = −mgs (t) +
1

2

�
m+

Iz
r2

�
v (t)2

E

0 = −mgv (t) +
�
m+ Iz / r2

�
v (t) a (t)

s (0) = v (0) = 0.

s (t) =
1

2

mg

m+
Iz
r2

t2,

v (t) ≡ ds

dt
=

mg

m+
Iz
r2

t.

m � 0.436 r

r � 2.5
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s = f(t) v = f(t).

× ×

×

g = 9, 8

2

t |EP | ET ER

|EP | = f(t) ET = f(t) ER = f(t)

◦

∆t
◦

∆S, rv rv = 10, 35 v ∼=
2rv
∆t

.
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�p m �v

�p = m�v.



a

�F =
d�p

dt
=

d (m�v)

dt

�F = �v
dm

dt
+m

d�v

dt
.

�v
dm

dt

�p1 + �p2 = �p
�

1 + �p
�

2



m1�v1 +m2�v2 = m1�v
�

1 +m2�v
�

2

�p1 + �p2 = �p12

m1�v1 +m2�v2 = (m1 +m2)�v

v
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:

:

↓



−19

m = 0, 02150

−2

−3

−2



◦

◦ ◦



=
(1, 2314 + 1, 2315 + 1, 2313 + 1, 2314)

4
= 1, 2314

i =
(1, 23 + 1, 22 + 1, 23 + 1, 24)

4
= 1, 24

2

∼=



±

±

± ∆ 2 |∆|

± ∆

∆ = ±0, 5

±



∆ = ±0, 1

±

= ±0, 5

= ±0, 5

4, 7
= ±0, 11

= ±0, 1

= ±0, 1

4, 7
= ±0, 02



A B C

A+B + C

A = a±∆a

B = b±∆b

C = c±∆c

a b c ±∆a, ±∆b, ±∆c

S = A+B + C = a±∆a+ b±∆b+ c±∆c

S = s±∆s; s = (a+ b+ c); ±∆s = ±∆a±∆b±∆c.

±∆s = ± [|∆a|+ |∆b|+ |∆c|] .

L1 = (1, 0000± 0, 0004) L2 = (0, 1230± 0, 0004)



L = �±∆� = L1 + L2 = (1, 1230± 0, 0008)

F

F = K · A · Bα · Cβ
,

F

A = a±∆a, B = b±∆b, C = c±∆c K

±∆f

f

±∆f

f
= ±

�����
∆k

k

����+
����
∆a

a

����+
����α

∆b

b

����+
����β

∆c

c

����

�

f = K.a.b
α
.c

β
, F = f ±∆f

k

∆k

π = 3, 14 π = 3, 1416



D = (22, 6± 0, 2)

D = (22, 60± 0, 5)

=
0, 2

22, 6
= 0, 00885 = 0, 89%

=
0, 5

22, 60
= 0, 00221 = 0, 22%

S = πR2 R D = 2R

S =
πD2

4
.

S =
3, 14 · (22, 6)2

4
= 400, 94660 2.

S =
πD2

4
F = K · A · Bα · Cβ

S = F

K = π

A = 1

B = D

α = 2



±∆f

f
= ±

�����
∆k

k

����+
����
∆a

a

����+
����α

∆b

b

����+
����β

∆c

c

����

�

∆s

s
= ±

�����
∆π

π

����+
����
0

1

����+
����2
∆d

d

����

�

∆s

s
= ±

�����
0, 0016

3, 14

����+
����2

0, 2

22, 6

����

�
= ±0, 018298669

∆s = ± (0, 018298669) · s = ± (0, 018298669) · (400, 94660) 2

∆s = ±7, 300703998 2

S = s±∆s

S = (400, 94660± 7, 30070) 2,

S = (401± 7) 2.

S =
3, 14 · (22, 60)2

4
= 400, 94660 2

∆s

s
= ±

�����
0, 0016

3, 14

����+
����2
0, 05

22, 6

����

�
= ±0, 004934333

∆s = ± (0, 004934333) · (400, 94660) 2 = 1, 978404 2 = 2 2

S = (401± 2) 2

AB = (25, 0± 0, 2)



(t± 0, 1)

v =
XAB

t
t

t

t =

�
tn
n

=
[(2, 4± 0, 1) + (2, 1± 0, 1) + . . .+ (2, 3± 0, 1)]

10

t =
27, 7± 0, 1

10
= (2, 27± 0, 1)

XAB

t
F = K.A.B

α
.C

β

K = 1

A = XAB = x±∆x

B = t±∆t

α = −1

β = 0

F = f ±∆f V = v±∆v

K.a.b
α
.c

β

v =
X

t
=

25, 0

2, 3
= 10, 869565522

∆v.

±∆f

f
= ±

�����
∆k

k

����+
����
∆a

a

����+
����α

∆b

b

����+
����β

∆c

c

����

�

±∆v

v
= ±

�
|0|+

����
∆x

x

����+
����−1.

∆t

t

����

�
= ±

�����
0, 2

25, 0

����+
����−1.

0, 1

2, 3

����

�



∆v

v
= ±0, 05147826.

∆v = ±0, 05147826.v = ± (0, 05147826) . (10, 869565522)

∆v = ±0, 559546313

V = v ± ∆v

∆v = ±0, 6

v = 10, 9

v = (10, 9± 0, 6)

V XAB t :

∆v

v
= 5, 1%;

∆x

x
� 0, 8%;

∆t

t
= 4, 3%

∆v

v
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±

± ±



x

y

v t v = f(t)

v t



v = 0

t

t × −1

t = 0

−1 v t

v t

× v

→

t

v t

−1 t



v = f(t)

Y = ax+ b

y x a b

y

v = v0 + At

v0 t = 0 v0

v

A

θ



a = θ = =
(13, 5± 0, 8)

(1, 4± 0, 1)
= 9, 64 2.

A = a ± ∆a

A =
13, 5

1, 4
= 9, 642857143 2

∆a =

�����
∆v

v

����+
����
−1.∆t

t

����

�
.9, 642857143 = 1, 260204082 2.

a = (10± 1)



v = f(t)



(t)

m · −3 (t± 0, 1) (T ± 0, 01)

±

±

±

±

±

T

m

T

m T = f(m) T

T = 2π
�

m/k T = f(m)

1/2(T α m)

LogT = log2π + (1/2)logm− (1/2)logk

logT = (1/2)logm+ log(2π/k).



y = logT x = logm c = log(2π/k)

y = (1/2)x+ c

1
2 c

m

T y = f(x)

T

× −9

× −9 t = 0, 10

T = f(m)

m = (1, 0± 0, 01)

T = (0, 89± 0, 01)

T = 2π
�
m/k,

k =
4π2m

T 2
.

k =
4π2 × 1, 0

0, 892
= 49, 78

∆k = ±2
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R

i V



V = f (i)

V = f(i)



V = f (i)

V = A+Bi

A B

A B

A B

V = f(i)

V = 0, 064 + 46, 64i

R = 46, 64 Ω

T = f (m) k



T

m

m T

T = f(m)

T = f (m)



T = f (m)

T = f(m)
y

T = amB

log T = log(amB)

log T = log a+B logm

Y = log T A = log a X = logm

Y = A+BX



a = 10A

T = 10AmB

A = −0, 052 B = 0, 499

T = 10−0,052m0,499

T = 0, 887m0,5

T

T = 2π

�
m

k

T =
2π√
k
m0,5

k.

0, 887 =
2π√
k

k = 50, 2
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